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Method and Device for Implementing Och-SPRing in 
Wavelength Division Multiplexing Systems 

Field of the Technology 

The present invention relates to Wavelength Division Multiplexing (WDM) 
technologies, and more particularly, to a method and devices for implementing 
Och-SPRing in a Wavelength Division Multiplexing system. 

Background of the Invention 

Along with the development of communication technologies, the applications of the 
WDM have gradually turned from long distance communications to Metropolitans. Due 
to transparent features of the optics, the WDM can provide bearer channels for many 
services, e.g. Asynchronous Transfer Mode (ATM), Internet Protocol (IP), Synchronous 
Digital Hierarchy (SDH) and Synchronous Optical Networking (SONET), etc., therefore, 
it is usually found that, many non-SDH, non-SONET services are transmitted directly on 
a certain wavelength of the WDM. However, unexpected malfunctions on optical cables 
will emerge due to diversified city constructions, e.g. road constructions, pipeline 
constructions, and etc. Self-Healing Network schemes are adopted for the SDH and the 
SONET services on the SDH and SONET devices, which can effectively avoid the 
negative influence resulting from the optical cable failures on the services. However, the 
non-SDH, non-SONET services, the deficiency of protection measures usually result in 
service lost for a long time after the optical cable breaks off, which directly brings huge 
economical losses and pressures to the operators. Therefore, in order to improve the 
survivability and the reliability of the network, protection and recovery schemes are 
usually adopted in the WDM system. 

In the Metropolitan WDM applications, in order to improve the overall survivability 
of the network, several Optical Add-Drop Multiplexing (OADM) sites are usually 
combined into a ring network. The survivability of the WDM ring network is improved 
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through protection methods which are similar to those in the SDH ring network- Common 
protection schemes in the WDM ring network include Optical Unidirectional Path 
Switched Ring (OUPSR), Optical Bi-directional path-switched ring (OBPSR), Optical 
Unidirectional Line - Switched Ring (OULSR), Optical Bi-directional Line Switched 
5 Ring (OBLSR) and Optical Sub Network Connection Protection (OSNCP). All these 
methods have their own advantages and disadvantages. For instance, although both of the 
OUPSR and the OBPSR can improve the network survivability, their wavelength 
utilization efficiencies are relatively lower. The familiar OBLSR can properly improve 
the wavelength utilization efficiency, however, due to its circular protection characteristic, 

10 signals have to be transmitted over a long path, and therefore, it is necessary for the 
system to reserve sufficient margins in Optical Signal to Noise Ratio (OSNR) budgets, 
which directly limits the transmission specs of the system. As to the OULSR, it has a low 
wavelength utilization efficiency, and simultaneously, disadvantages of the OBLSR still 
exist in the OULSR, so it is not very suitable for the applications of the WDM ring 

15 network; the OSNCP is usually called as dual transition selective reception protection or 
1+1 Optical Transformation Unit (OTU) protection in the WDM ring network, the 
wavelength utilization efficiency is also relatively lower for the reason that working 
wavelengths and backup wavelengths take different paths. 

At present, based on the OBPSR, there appears a new protection scheme — an 
20 Optical Channel Shared Protection Ring (Och-SPRing), which can be described as 
follows: a same bi-directional service connection is born by a same pair of optical 
signals with wavelengths of XI and X2 on different segments of a topological ring. The 
pair of the optical signals XI and X2 are transmitted in two different optical fibers. Their 
wavelengths are taken as working wavelengths. In addition, another corresponding pair 
25 of wavelengths XI and X2 in the two optical fibers is taken as protection wavelengths for 
the working wavelengths XI and X2, Under normal conditions, the working wavelength 
is used to bear services, therefore, the working wavelength is also called a working 
channel, while the protection wavelength functions as a backup, and it is called as a 
backup channel. The scheme allows to bear various bi-directional connections using the 
30 same wavelength pair on different segments of the ring, and the same wavelength pair, 
which implements the different connections, can use the same pair of backup 
wavelength channels as the backup channels, and thereby improve the wavelength 
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utilization efficiency. Moreover, all the switchings of the Och-SPRing occur directly 
between transmit ends and receive ends without ring back, therefore, the system can 
make its OSNR budget simply based on long paths, which avoids too much margins 
reserved for the system, and improves the transmission specs. 

5 Most of the existing Och-SPRings are implemented by cross connection units, 

which means that, demultiplexing the optical signal into several optical wavelength 
signals and then connecting to the Optical Space Division Cross Connection unit together 
with local signals, while at the other side, connecting with local downstream signals and a 
subsequent Optical Signal Multiplexing unit, and completing the re-combination of the 

10 optical channels through the cross connection in the middle, and thereby achieving the 
objective of sharing optical path protection. However, the method needs to demultiplex 
the optical signals in a lump, and employs the cross connection unit in the course; 
therefore, it increases the optical power budget of the signals and deteriorates the OSNR. 
On the other hand, it results in exorbitant costs for initial constructions of the network. 

15 However, at early stage of its operation, operators usually require higher efficiency and 
reliability of the network instead of network capacities. Therefore, the large and 
all-inclusive protection scheme can hardly meet the practical requirements of the 
operators. 

Summary of the Invention 

20 The present invention provides a connection switching device for implementing the 

Och-SPRing. The device is used in nodes of an optical network system with a working 
path and a backup path, which includes: 

two switches, each of which has two input ports and one output port, and one of the 
input ports can be chosen to connect with the output port under the control of a switch; 

25 one input port of the first switch connects to a downlink direction of the working 

path, the other input port connects to the downlink direction of the backup path, and the 
output port connects to a local drop path; 

One input port of the second switch connects to a local add path, the other input port 
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connects to the downlink direction of the backup path and the output port connects to the 
uplink direction of the backup path; 

the local add path is connected with the uplink direction of the working path at the 
same time. 

5 The present invention also discloses a switching device for implementing the 

Och-SPRing, the device is applied in unidirectional services drop function of the node in 
the optical network system with the working path and the backup path, which includes: 

the first switch, which has two input ports and one output port, and one of the input 
ports can be connected to the output port under the control of the switch; one input port of 
10 the first switch connects to a downlink direction of the working path, the other input port 
connects to the downlink direction of the backup path, and the output port connects to a 
local drop path; 

the second switch, which has one input port and one output port, and the input port 
can be open or close to the output port under the control of the switch; the input port of 
15 the second switch connects to the downlink direction of the backup path, the output port 
connects to the uplink direction of the backup path. 

The present invention provides a third connection switching device for 
implementing the Och-SPRing, the device is applied in unidirectional services add 
function of the node in the optical network system with the working path and the backup 
20 path, comprising: 

a switch, which has two input ports and one output port, and one of the input ports 
can be connected to the output port under the control of the switch; one input port of the 
switch connects to the local add path, the other input port connects to the downlink 
direction of the backup path, and the output port connects to the uplink direction of the 
25 backup path; 

the local add path is connected to the uplink direction of the working path at the 
same time. 

The present invention also discloses an optical network system for implementing the 
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Och-SPRing, which includes a bi-directional working path and a bi-directional backup 
path; 

a bi-directional service transmission-reception node in the system includes two 
identical connection switching devices, each of which connects with the working path and 
5 the backup path of the working path in one direction by the same connection method. 
Each of the connection switching device includes: two switches, each of which has two 
input ports and one output port, and one of the input ports can be chosen to connect with 
the output port under the control of a switch; one input port of the first switch connects to 
a downlink direction of the working path, the other input port connects to the downlink 
1 0 direction of the backup path, and the output port connects to a local drop path; one input 
port of the second switch connects to a local add path, the other input port connects to the 
downlink direction of the backup path and the output port connects to the uplink direction 
of the backup path; the local add path is connected with the uplink direction of the 
working path at the same time. 

15 An unidirectional service transmission-reception node in the system comprises one 

connection switching device used for unidirectional service drop, and one connection 
switching device used for unidirectional service add; 

the connection switching device used for unidirectional service drop includes: the 
first switch, which has two input ports and one output port, and one of the input ports can 

20 be chosen to connect with the output port under the control of the switch; one input port 
of the first switch connects to a downlink direction of the working path, the other input 
port connects to the downlink direction of the backup path, and the output port connects 
to a local drop path; the second switch, which has one input port and one output port, and 
the input port can be open or close to the output port under the control of the switch; the 

25 input port of the second switch connects to the downlink direction of the backup path, the 
output port connects to the uplink direction of the backup path. 

The connection switching device used for unidirectional service add includes: one 
switch, which has two input ports and one output port, and one of the input ports can be 
chosen to connect with the output port under the control of the switch; one input port of 
30 the switch connects to the local add path, the other input port connects to the downlink 
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direction of the backup path, and the output port connects to the uplink direction of the 
backup path; the local add path is connected to the uplink direction of the working path at 
the same time. 

The present invention also discloses a method for implementing the Och-SPRing, 
5 which can be applied to the optical network system with the working path and the backup 
path. The method includes: 

when receiving the signals, controlling the first switch to receive the downlink 
service signals from the working path or the backup path; 

when transmitting the signals, transmitting the uplink service signals from the local 
10 device respectively to the uplink direction of the working path and one of the input ports 
of the second switch; controlling the second switch to choose one path of the signals from 
the local uplink service signals and the downlink service signals from the backup path, 
and input the selected signals to the uplink direction of the backup path. 

It can be seen from the above descriptions that, the devices and the method for 
15 implementing the Och-SPRing according to the present invention need not to set the cross 
connection unit in the node. Instead, the present invention adopts simple switch apparatus 
to implement the connection and the switch required by the Och-SPRing, which 
simplifies the architecture of the device; moreover, the number of the connection 
switching devices in the node is optional, and the devices can be assembled 
20 discretionarily, which is relatively flexible. The connection switching devices can be 
added to or removed from the node according to the requirement of the system. 
Furthermore, a part of the signals can be de-multiplexed from the optical signals in the 
node, and be input to the corresponding connection switch unit, instead of being 
de-multiplexed in a lump. Therefore, the method reduces the construction cost of the 
25 system to the largest extent, saves the optical power budget, and improves the OSNR. 

Brief Description of the Drawings 

Figure 1 is a schematic diagram illustrating the architecture of a connection 
switching device for implementing the Och-SPRing in accordance with a preferred 
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embodiment of the present invention; 

Figure 2 is a schematic diagram illustrating the architecture of a connection 
switching device in the bi-directional service node; 

Figure 3 is a schematic diagram illustrating the topology structure of a optical ring 
5 network with non-uniform distributed services; 

Figure 4A is a schematic diagram illustrating the architecture of a connection 
switching device for implementing the unidirectional service add and drop function; 

Figure 4B is a schematic diagram illustrating the architecture of a connection 
switching device for dropping services; 

10 Figure 4C is a schematic diagram illustrating the architecture of a connection 

switching device for adding services; 

Figure 5 is a schematic diagram illustrating the architecture of a connection 
switching device implemented by the optical switch and the electric switch in the 
bi-directional service node; 

15 Figure 6 is a schematic diagram illustrating the application of a connection 

switching device in the node of the WDM system in accordance with an embodiment of 
the present invention. 

Detailed Description of the Invention 

In the following detailed description of the preferred embodiments, reference is 
20 made to the accompanying drawings, which form a part hereof, and within which are 
shown by way of illustration specific embodiments by which the invention may be 
practiced. It is to be understood that other embodiments may be utilized and structural 
changes may be made without departing from the scope of the invention. 

The invention will be described in detail hereinafter with reference to the 
25 accompanying drawings. 

It is well-known that, in order to implement the Och-SPRing, all the participating 
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nodes in the WDM system must support the following three functions: service express, 
service add and service drop. 

The service express refers to cases that protection services of other stations can pass 
through the present station directly to ensure the services are accurately and precisely 
5 transmitted to the destination nodes. 

The service add refers to that the service can be accurately switched to the backup 
path once the local service is affected. 

The service drop refers to that the service whose destination is the local station can 
be transmitted to the local station through the backup path once the service is affected in 
10 the working path, and the service in the backup path can be accurately imported to the 
local receiver at the local station. 

To achieve the above Och-SPRing, the structure of the connection switching device 
in an embodiment of the present invention is shown in Figure 1 . The device includes two 
switches, each of which has two input ports and one output port, and only one of the two 
15 input ports can receive the optical signals and output the signals from the output port at 
one time. It is possible to switch between the two input ports under the control of the 
switch. 

Wherein, the input port 1 of the first switch connects to the downlink direction of 
the working path, the input port 2 connects to the downlink direction of the backup path, 
20 and the output port of the first switch connects to the local drop path; the local add path is 
connected to the downlink direction of the working path and the input port 1 of the 
second switch respectively, the input port 2 of the second switch and the input port 2 of 
the first switch connect to the downlink direction of the backup path together, and the 
output port of the second switch connects to the uplink direction of the backup path. 

25 Under the normal modes, the first switch chooses to open the input port 1 to the 

output port, thus the downlink service signals from the working path are directly input to 
the local drop path, and received by the local station; meanwhile, the uplink service 
signals of the local station are input to the uplink direction of the working path, and 
transmitted to the downstream nodes. 



8 



EV799417068US 



When the node enters the express modes, the second switch chooses to open the 
input port 1 to the output port, ensuring the downlink services from the backup path to 
continue to be transmitted along the same direction, and thereby achieve the express of 
the node. 

5 When a malfunction occurs in downlink direction of the working path, which affects 

the downlink services sent to the node, the node needs to enter the service drop modes. 
The first switch selects to open the input port 2 to the output port, and switches the 
downlink service signals from the backup path to the local drop path, realizing the local 
drop function and ensuring the normal reception of service signals. 

10 When a malfunction occurs in uplink direction of the working path, which affects the 

uplink services output from the node, the node needs to enter the service add modes. The 
second switch selects to open the input port 1 to the output port, to transmit the uplink 
service signals from the local add path through the backup path, realizing the local add 
function. 

15 In bi-directional services, the function can be implemented in the node with two 

independent connection switching devices, the architecture is shown as Figure 2. 
Generally, the first working path and the second working path adopt different 
wavelengths X\ and A,2, and are transmitted in different optical fiber lines respectively; 
the first backup path that protects the first working path adopts the wavelength A,l to 

20 transmit signals in the optical fiber line where the second working path locates, while the 
second backup path that protects the second working path adopts the wavelength XI to 
transmit signals in the optical fiber where the first working path locates. The connection 
switching device 1 is configured for connecting and switching the services from the West 
to the East under normal conditions; and the connection switching device 2 is configured 

25 for connecting and switching the services from the West to the East under normal 
conditions. 

Under normal conditions, the first switch of connection switching device 1 selects to 
open the input port 1, and inputs the downlink service signals from the first working path 
in the west to the local drop path Dl; inputs the uplink service signals, whose destination 
30 is the first optical channel in the east, from the local add path A2 to the first uplink 
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direction of the working path. The first switch of connection switching device 2 selects to 
open the input port 1 , and inputs the downlink service signals from the second working 
path in the east into the local drop path D2; inputs the uplink service signals, whose 
destination is the second optical channel in the west, from the local add path Al to the 
5 uplink direction of the second working path. 

Under the express modes, the second switch of connection switching device 1 selects 
to open the input port 1 to the output port, thereby the downlink service signals from the 
first backup path in the east can be continuously transmitted along the same direction. The 
second switch of connection switching device 2 selects to open the input port 1 to the 
10 output port, thereby the downlink service signals from the second backup path in the west 
can be continuously transmitted along the same direction. 

Under the service drop modes, the first switch of the connection switching device 1 
selects to open the input port 2 to the output port, thereby the downlink service signals 
from the first backup path in the east can be switched to the local drop path Dl. The first 
1 5 switch of the connection switching device 2 selects to open the input port 2 to the output 
port, and thereby the downlink service signals from the second backup path in the west 
can be switched to the local drop path D2. 

Under the service add modes, the second switch of the connection switching device 
1 selects to open the input port 1 to the output port, thereby the uplink service signals 
20 from the local add path A2 can be transmitted through the first backup path. The second 
switch of the connection switching device 2 selects to open the input port 1 to the output 
port, and thereby the uplink service signals from the local add path Al can be transmitted 
through the second backup path. 

The connection switching device 1 and the connection switching device2 in Figure 2 
25 are independent to each other, therefore, in practical applications, the connection 
switching device 1 and the connection switching device2 can implement the three modes 
of switch operations, i.e. the service express, the service add and the service drop, 
independently, which can further improve the flexibility of the network protection. 

It is obvious that, one pair of wavelengths can only be used once at the same 
30 segment of the ring, therefore, only one pair of the bi-directional connect service of the 
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pair of wavelengths will be affected by one malfunction on the ring. There will never 
appear the case when both of the two pairs of service connections need to be switched 
simultaneously, which will result in the wavelength conflict. 

In the metropolitan optical network, the distribution of the services is not always 
5 uniform, as shown in Figure 3, except for the point A, services in all the other nodes in 
the whole ring network are unsymmetrical, the service add/drop only exists in one 
direction, therefore, under such circumstances, the preferred embodiment of the present 
invention provides a connection switching device as shown in Figure 4A-4C. 

The service add/drop only exists in one direction in the node in Figure 4A. There are 
10 two connection switching devices in the node, wherein, the connection switching device 1 
is used for connecting and switching the downlink services from the west into the local 
stations under normal conditions; the connection switching device 2 is used for 
connecting and switching the uplink services from the local stations to the west under 
normal conditions. 

15 The connection switching device 1 includes the first switch and the second switch. 

The first switch, which has two input ports and one output port, and the input ports can be 
controlled to switch to each other; the input port 1 of the first switch connects to the 
downlink direction of the first working path, the input port 2 connects to the downlink 
direction of the first backup path, and the output port connects to the local drop path Dl ; 

20 the second switch has one input port and one output port, and the input port can be 
controlled to be open or close to the output port. The input port of the second switch 
connects to the downlink direction of the first backup path. The output port connects to 
the uplink direction of the first backup path. 

The connection switching device2 includes one switch, which has two input ports 
25 and one output port, and the two input ports can be controlled to switch to each other. The 
input port 1 of the switch connects to the local add path Al, the output port 2 connects to 
the downlink direction of the second backup path, the output port connects to the uplink 
direction of the second backup path, and meanwhile, the local add path Al is connected to 
the uplink direction of the second working path. 

30 Under normal conditions, the first switch of connection switching device 1 selects to 
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open the input port 1 , and inputs the downlink service signals from the first working path 
in the west to the local drop path Dl; in the connection switching device 2, input the 
uplink service signals, whose destination is the second optical channel in the west, from 
the local add path Al to the uplink direction of the second working path. 

5 Under the express modes, the second switch of connection switching device 1 selects 

to open the input port 1 to the output port, thereby the downlink service signals from the 
first backup path in the east can be continuously transmitted along the same direction. The 
second switch of connection switching device 2 selects to open the input port 1 to the 
output port, thereby the downlink service signals from the second backup path in the west 
10 can be continuously transmitted along the same direction. 

Under the service drop modes, the first switch of the connection switching device 1 
selects to open the input port 2 to the output port, thereby the downlink service signals 
from the first backup path in the east can be switched to the local drop path Dl . 

Under the service add modes, the switch of the connection switching device 2 selects 
15 to open the input port 1 to the output port, thereby the uplink service signals from the 
local add path Al can be transmitted through the second backup path. 

The connection switching device 1 and the connection switching device 2 in Figure 2 
are independent to each other, therefore, in practical applications, the connection 
switching device 1 and the connection switching device 2 can implement the three modes 
20 of switch operations, i.e. the service express, the service add and the service drop, 
independently, which can further improve the flexibility of the network protection. 

In the ring network there are also some nodes which have no add/drop on the 
wavelength, in the case, the node can be seen as a transparent node, i.e. the node will not 
participate any Och-SPRing function of the wavelength pair, and will not do any 
25 operations on the wavelength pair, either. 

If there is only the unidirectional service drop without the service add in the node, 
then the structure of the connection switching device is shown in Figure 4B. The node 
only needs to complete the service drop, and the service express is still supported by the 
local station at the same time. 
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The structure is the same as that in Figure 4A, i.e., it includes the first switch and the 
second switch. The first switch has two input ports and one output port. The input port 1 
of the first switch connects to the downlink direction of the first working path, the input 
port 2 connects to the downlink direction of the first backup path, and the output port 
5 connects to the local drop path Dl; the second switch has one input port and one output 
port. The input port of the second switch connects to the downlink direction of the first 
backup path, and the output port connects to the uplink direction of the first backup path. 

Under normal conditions, the first switch selects to open the input port 1, and inputs 
the downlink service signals from the first working path in the west to the local drop path 
10 Dl. 

Under the express modes, the second switch selects to open the input port to the 
output port, thereby the downlink service signals from the first backup path in the east can 
be continuously transmitted along the same direction. 

Under the service drop modes, the first switch selects to open the input port 2 to the 
15 output port, thereby the downlink service signals from the first backup path in the east can 
be switched to the local drop path D 1 . 

Under service drop modes, the first switch selects output port 2 to connect with the 
output port, and switches the downlink service signal sent from the first backup path in 
the east to local drop pathDl . 

20 If there is only the unidirectional service add without the service drop in the node, 

then the structure of the connection switching device is shown in Figure 4C. The node 
only needs to complete the service add, and the service express is still supported by the 
local station at the same time. 

The structure is the same as that of the connection switching device2 shown in 
25 Figure 4A, i.e. it includes one switch, which has two input ports and one output port. The 
input port 1 of the switch connects to the local add path Al, the output port 2 connects to 
the downlink direction of the second backup path, the output port connects to the uplink 
direction of the second backup path, and meanwhile, the local add path Al is connected to 
the uplink direction of the second working path. 
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Under normal conditions, input the uplink service signals, which is to be transmitted 
to the west, in the second optical channel from the local add path Al to the uplink 
direction of the second working path. 

Under the express modes, the switch selects to open the input port 1 to the output 
5 port, thereby the downlink service signals from the second backup path in the west can be 
continuously transmitted along the same direction. 

Under the service add modes, the switch selects to open the input port 1 to the output 
port, thereby the uplink service signals from the local add path Al can be transmitted 
through the second backup path. 

10 In all of the above embodiments, all the switches in the connection switching device 

can be the optical switches, and can switch to different port under the control of the 
control system; however, in practice, not all of the switches have to be the optical 
switches to implement the procedure of connection and switch, it is also applicable to use 
the 1+1 protection function into OTU together with the protection switch to implement 

15 the Och-SPRing. 

Now referring to Figure 5, the second switch of the two connection switching 
devices in Figure 5 are also the optical switch, but the first switch in the working path of 
the original protection device is replaced by electric switches of the 1+1 protection OTU, 
the downlink optical signal of the first working path and the downlink optical signal of 

20 the first backup path are simultaneously connected to two modules of the 1+1 protection 
OTU respectively, and then the control system determines which path of signal is 
effective. Meanwhile, the output port of the 1+1 protection OTU splitting the optical 
signal into two lines with a 3dB optical splitter, and simultaneously feeding the signals 
back to the working path and the backup path. When the switches are all optical switches, 

25 the operation is completely the same. In addition, the first switch can also be replaced by 
a logical switch. The principles are the same. 

In each of the embodiments above, signals of the service add path Al. A2 need to be 
transmitted to the input port 1 of the second switch and the uplink direction of the 
working path respectively, which can be implemented through setting a coupler among 
30 the service add path and the input port 1 of the second switch and the uplink direction of 
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the working path, i.e., splitting the optical signals from the service add path into two paths 
through the coupler and then transmitting the signals to the input port 1 of the second 
switch and the uplink direction of the working path respectively. Wherein, a 3dB coupler 
is a preferred option. In addition, it is also possible to replace the coupler with a 1x2 
5 optical switch with one input port and two output ports. The input port of the optical 
switch connects to the service add path, and the two output ports connect to the input port 
1 of the second switch and the uplink direction of the working path respectively. The 
signals from the uplink direction of the working path can select to be transmitted through 
the second switch or the working path under the control of the optical switch. In addition, 
10 the first optical switch can also be replaced by two OTUs. 

Similarly, the coupler or the 1x2 optical switch or the OUT also can be used for 
signal splitting and path selection among the backup path and the input port 2 of the first 
switch and the input port 2 of the second switch. 

In addition, the second switch of the connection switching device and the coupler or 
15 the optical switch of the backup path can also be replaced by a 2x2 optical switch. As 
shown in Figure 1, the two input ports of the 2x2 optical switch connects to the local add 
path and the downlink direction of the protection path respectively, while the two output 
ports connect to the input port 2 of the first switch and the uplink direction of the 
protection path. 

20 The practical application of the connection switching device in the node of the 

WDM system according to an embodiment of the present invention is shown in Figure 6. 
Optical Add-Drop Multiplexing(OADM) units are usually set in the node, the OADMs 
connect to the transmission optical fiber of the optical network through an optical port, 
the OADM unit extracts the downlink signals transmitted in the optical fiber in the 

25 downlink direction according to the wavelengths, and then transmits the optical signals 
with different wavelengths to the corresponding working paths and protection paths; the 
OADM unit in the uplink direction multiplexes the uplink optical signals of the local 
station transmitted through the working path and the protection path, and then transmit 
the multiplexed signals to the transmission optical fiber in the optical network. 

30 Specifically in Figure 6: the input port of the first OADM unit connects to the 
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transmission optical fiber from the west, and the two output ports of the first OADM 
connect to the first working path and the second protection path respectively; the input 
port of the fourth OADM unit connects to the transmission optical fiber from the east, and 
the two output ports connect with the second working path and the first protection path 
5 respectively. 

The two input ports of the second OADM unit connect with the first working path 
and the second protection path respectively, while the output port connects to the 
transmission optical fiber to the east; the two input ports of the third OADM unit connect 
to the second working path and the first protection path respectively, while the output port 
10 connects to the transmission optical fiber to the west. 

Suppose that the wavelengths of the first working path and the first backup path are 
the first wavelength XI, while the wavelengths of the second working path and the second 
backup path are the second wavelength X2. 

The first OADM unit Demultiplexer multiplexes the signal of the wavelength XI and 
15 the signal of the wavelength X2 from the mixed optical signals containing the 
wavelengths of XI and X2 in the transmission optical fiber from the west, thereafter, 
transmits the optical signal of the wavelength XI as the optical signal of the first working 
path to the switch corresponding to the connection switching device 1 , and transmits the 
optical signal of the wavelength X2 as the optical signal of the second backup path to the 
20 switch corresponding to the connection switching device 2. 

The fourth OADM unit Demultiplexer multiplexes the signal of the wavelength X\ 
and the signal of the wavelength X2 from the mixed optical signals containing the 
wavelengths of XI and X2 in the transmission optical fiber from the east, thereafter, 
transmits the optical signal of the wavelength A.1 as the optical signal of the first working 
25 path to the switch corresponding to the connection switching device 1, and transmits the 
optical signal of the wavelength X2 as the optical signal of the second backup path to the 
switch corresponding to the connection switching device 2. 

The second OADM unit combines the optical signals of the wavelength XI of the 
first working path from the local station to the east, and the optical signals of the 
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wavelength X2 of the second backup path from the local station to the east, and then the 
second OADM unit transmits the mixed signals to the optical fiber to the east. 

The third OADM unit combines the optical signals of the wavelength X2 of the first 
working path from the local station to the west, and the optical signals of the wavelength 
5 X\ of the first backup path from the local station to the west, and then the second OADM 
unit transmits the mixed signals to the optical fiber to the west. 

As for the wavelengths which have no interactions with the local station, the service 
express operations can be performed through express paths, which directly connect the 
first and the second OADM units, and the third and the fourth OADM units. 

10 As to the nodes with the connection switching devices as shown in Figure 4A-4C, 

the structures of the nodes are similar to Figure 6, but it is not necessary to set OADM 
units in the directions without input/output services. 

Since self-excitations tend to appear in the optical ring network, in order to avoid the 
self-excitation of the ring, it is recommended in all the embodiments of the present 

15 invention that, under the normal modes, the default states of the optical switches in the 
working path should be connected to the working path, i.e., in all the above-mentioned 
embodiments, the first switches of the connection switching devices choose to open the 
input ports 1. And the default states of the optical switches in the backup path also choose 
to connect to the working path, i.e., the second switches of the connection switching 

20 devices in Figure 1, 2, 5, 6 choose to open the input ports 1; the connection switching 
device 1 in Figure 4A and the connection switching device in Figure 4B choose to block 
the second switches. The connection switching device 2 in Figure 4A and the switch of 
the connection switching device shown in Figure 4C choose to open the input ports 1. 
Since at least two nodes in the ring network of the bi-directional Och-SPRing are 

25 involved in the protection switch of the wavelength pair, while all the backup paths select 
to transmit the optical path of the node in the backup path, the ring self-excitation can be 
avoided on the backup path. Where the ring self-excitation of the optical path penetrated 
the OADM, at least one parallel OADM node is still necessary in the ring network. 

Since the optical switches on both of the backup path and the working path select 
30 the working path under the normal conditions, however, the transmitting-end always 
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operates in a bridge-state under normal conditions, therefore, once a failure occurs in the 
line, the receiving-end can confirm the failure, and send a bridge request to the 
transmitting-end through the backup route. The intermediate nodes which have operations 
on the wavelength pair will switch the state of all the optical switches in the backup path 
5 to the backup path, therefore facilitating the optical signals from the transmitting-end to 
pass through the backup path and reach the destination, while the receiving-end will 
return a confirmation message to the transmitting-end after receiving the bridge request. 
And finally the receiving-end switches the optical switch in the working path to the back 
routes, thereby completing the entire switch process. 

10 The foregoing description is only the preferred embodiments of the present 

invention, which are not used for limiting the protection scope of the present invention. 
Many variations are possible which remain within the concept, scope, and spirit of the 
invention, and these variations would become clear to those skilled in the art after perusal 
of this application. 
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